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1. Introduction





which is characterized by its 1ow concentrations of sediments and
dissolved electrolytes, as well as by small amounts of humic substances (SIOLI 1950, 1964,
1965, 1968). The relative distribution of ions is comparable to patterns known from other
fresh water types in the world, only their absolute concentration is much lower. Earth alca-
line carbonates are dominating, thus providing the base for well-balanced chemical condi-
tions as in regard to pH (SCHMIDT 1912).
The lower Rio Tapajóz was chosen as a typical clearwater river for investigations on
primary production of phytoplankfon in the three Amazonian water types, which were con-
ducted from 1967 - 1970 (SCHMIDT 1973a).
Although the results were not published before now, their significance can still be
considered as of immediate interest. As already mentioned before (SCHMIDT 1973a), we
should like to thank all those who made our work possible.
x Her.n Brof. Dr. H. Sioli, Plön, zum 70. Geburtstag gewidmet
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2. Sampling conditions
Between june 1968 and decembet 1969 a total of four excursions to the Rio Tapajóz



























Map showing the position of the sampling sites
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Table 1: Sampling sites and -conditions
date























5. - 6. 9.68 ca. 15 km
above Santa¡ém
ca. 1000 m ca. 14 m
5. - 6.12.68 ca. 15 km
above Santarém
ca. 1000 m ca. 72 m
8. - 9.t2.69 ca. 15 km
above Santa¡ém
ca. 50 km above
Santarém, slightly
above Pindobal
c¿. 1000 m ca. 10 m
10. - 11.12.69 ca. 3000 m ca. 8m
3. Methods
The methods for the determination of physical-chemical parameters were the same
as described earlier (SCHMIDT 1973b). Conductivity, pH, free carbonic acid, and total
carbon were determined in situ, while the other analysis were run at the limnological labo -
ratories of INPA, Manaus.
Data for primary production of phytoplankton were gathered by appiying the C - 14
rrpthod. Samples were taken at around J a.m., and the exposition of light and dark bottles
lasted 24 hours, beginning at 8 a.m. More detailed informations have been presented and
discussed earlier (SCHMIDT i973c). Chìorophyll -a determination of seston samples after
extraction in ethanol, was derived from comparison with a Cirlorophyll-a calibration curve
(SCHMIDT 1973c). Plankton concentration data were derived from net catches (Höll-Netz,
10 microns diameter), and membrane-filter samples se¡ved for counting the number of or-
ganisms.
4. Results
4. I . Physical -chemical conditions
The results of these investigations are comprised in tables I and 3
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Table 2: General physico-chemical properties of the water and carbon contents of the
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1,51,9 t,7
No significant dlfferences could be found when comparing the results from different
water depths, which indicates that stratification did not occur in the Rio Tapajóz during
the investigation period. Although the water flow is low (on its last I 10 km before its con -
fluent with the Amazon river, the Rio Tapajóz is about l4 km wide), stratification of the
water body evidently seem to be rare. Probably this is due to the low water depth and quite
constant winds blowing from the northeast, which also during the night hours diminish only
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slightly. Consequentelythe data in tables 2 and 3 present only values from 0 m water depth
For comparison, additional results from the Amazon river are given, which were collected
from above the confluent with the Rio Tapajó2.
Although no stratification was found at the main sampling sites, additional studies
showed that in protected water bodies, ciose to the banks, considerable vertical differences
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Fig. 2:
Diu¡na.l variations of the \\'ater temperature and pH in a bay of the loue¡ Rio Tapajóz at 14iI).'69
(Station = abor¡t 40 km upstream of Santarém: about 50 m olf of the right bank)
Table 3 gives a description of common plant nutrients. It is obvious that carbonates,
and eipecially Ca**-carbonate, represent the determining factors for salinity. Nitrates, ni-
trites and phosphates could be detected only in minute concentrations, close to the limits
of detectability. Considerably higher are the values for Kjeldairl-N, which mainly consists
of plankton-fixed nitrogen. Noteworthy are further on the iron concentrations, suggesting
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that this element is always abundant in sufficient quantities for phytoplankton. Similar
contents of dissolved iron have recently been described by GEISLER and SCHNEIDER
(te'|6).
While, as mentioned above, vertical stratifications can hardly be expected in the open
river, fluctuations with the hours of a day of pH and temperature, seem to be more dis-
tinct, especially in protected bodies along the banks. On the 12.12.68 the pH of the Rio
Tapajó2, measured ciose to the shore, was L37 at 7 .30 a.m., then reached its peak of 8.85
at 1.30 p. m. followed by a decrease.
Another good example for such fluctuations in a small river bay offshore is listed in
fig. 2. The highest pH value was 8.75 (electric method). A phenolphthalein control gave a
clear change in colour. During the december excursion in 1969, pH values of more than 8.4
were detected several times, also at considerable distance f¡om the bank. Unfortunately,
lack of time prevented further investigations of this phenomenon, especially its relation to
space and time.
Of course, the considerable alterations in the course of pH during a day undoubtedly
are the result of photosynthetic plankton activities. This clearly indicates that during certain
periods of the day, CO2 availability can become a limiting factor for algae production. This
is not surprising, since due to the low total concentration of dissolved calcium, biogenic
decalcification is only possible within a very narrow range. Comparable situations are also
known to occure in vârzea lakes (SCHMIDT 1973b).
4.2. Qualitative and quantitative aspects of phytoplanktonic distribution
ln 1916 UFIERKOVICH published detailed results of his qualitative investigations of
the 1968-material. Only the samples which were collected in 1969 have not yet been eva-
luated. With regard to the taxonomic composition of phytoplankton we refer to the above
mentioned. Some of the most relevant aspects of his ¡esults are: Different from other Ama-
zonian wate¡s, species variety is extremely high in the Rio Tapajó2. Especiaily manyfold
are the desmidiaceae (see also GRÖNBIAD 1945, THOMASSON 1971 and FöRSTER 1969)
Their total number, however, is very low in the majority of the sampies. The domina-
ting groups consist of mostly a few species of cyanophyceae, diatomeae and some chloro-
phyceae. UTIERKOVICH describes the order of precedence regarding the relative abundance
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Some extremely small forms, probably cyanophyceae of the coccal type, were hard
to identify and could thus not be included. Still remains to be mentioned that because of
their large numbers, it cannot be denied that some importance in the whole system might
be attributed to them.
Table 4: Counting results (numbers of cells/ml) of the most importent members of
phytoplankton (means of the results for the different water depths)
Date 14.6,68
investígatedwaterdepths 0 -7 m
















































Table 4 informs about the concentrations of the most frequently encountered
organisms from membrane filter samples. At least those samples which were collected in
the morning time show no clear tendencies towards vertical stratifications, as this shown
was above for the chemical factors. For this reason only the calculated average numbers
of cells/ml from different depths are given. The same applies to filamentous and group-
forming organisms such as oscillatoria or microcystis, which some authors describe accord-
ing to the number of filaments or aggregates.
Since aggregates often fall in pieces during the preparation process, the definition of
cells per ml was chosen as the most propriate and logical one for presentation. The rele-
vance of the most important forms and types in terms of production and abundance is
emphasized by tabulating the results of a few compromised groups oniy. It is clear that cell
size variations amongst species must be considered for the exact evaluation of biomass-
proportions.
In Table 4 some genera were seperated according to their significance, while others
ue comprised into larger units, since no striking differences in quantities between either
genera or species could be generally noticed.
Despite of their low abundance the strongly differenciated desmidiaceae were sepe-
rated from clrlorophyta in order to point out their relatively unimportant quantitative
significance.
Summarising the results of Table 4,it can be stated that relatively few organisms are
of importance for the total biomass production throughout the year. Variations amonj
certain species, as e. g. anabaena and meiosira, could be observed. The latter was extremely
numerous during the low water period.
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As could be shown in earlier investigations (SCHMIDT and UHERKOVICH 1973),
specific ecological interactions in the Rio Tapajóz cannot be characterizedby an isolated
consideration of numerically dominating plankton organisms. Though they are cosmopo-
litans of immense ecological valence, the characteristic features of the Rio Tapajóz phyto-
plankton structure, and consequently also specificecological and bio-geographic condi-
tions, can only be understood when also considering the importance of many, numerically
less important taxa of which extensive lists have been published (GRöNBLAD 1945,
SCOTT et al. 1965, FöRSTER 1969,THOMASSON 1971, UHERKOVICHI9l6). Maybe
because of their morphological peculiarities, the desmidiaceae receive more attention than
others.
Our present knowledge of causal relationships regarding the enormous taxonomic
diversity is still quite incomplete.
4.3. Primary Production of Phytoplankton





Vertical patlern of net primzuy procluctivity oi phytoplankton during the 24 hou exposure at tlie
difTerent sampling d ays
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The thickness of the trophic layer varies between 5 and 10 meters. A clear relation-
ship exists between thickness and transparency (Secchi-disk), and the thickness of the
production zone is about twice that of Secchi transparency or even more. This confirms
the lack of other seston, except for the phytoplankton itself.
The fact that production curves in fig. 3 have their peaks clearly beneath and not at
the surface, again proves the existence of exellent light conditions.
Larger deviations for total production can be observed in june and september 1968,
while the three surveys undertaken during the low water period show better corresponding
data. Both production density (Fig. 3) and production per unit area (Table 5) are highest
in september 1968. At the same time transparency reaches its maximum, but absolute
plankton concentration is lowest, as algae.C- and chlorophyll concentration indicate (Table 5)'
The only explanation for this contradictory finding is an extremely short turn over
time, which for the carbon turn over was found to be as sho¡t as 0.3 days only. The cau-
sative factors of this phenomenon are not yet known, and neither temperature nor the
other physical and chemical parameters give satisfying clues for an interpretation of this
rather complex situation, which was determined from various independent analysis.
An exact interpretation of a1l production parameters becomes possible only when
keeping in mind the general problem of accuracy and applicabiiity of methods. For example,
OHLE showe d in 1962 that the C- 14 method principally produces only minimum results.
The basic disadvantage of iight- and dark flask experiments is increasing inaccuracy with
prolonged time of exposition.Intervalls of less than 24 hours produce even more pronoun-
ced problems, however (SCHMIDT 1973c).
Under the given production conditions in the Rio Tapajóz (high temperature, good
light conditions, small nutrition- and fair plankton concentration, but constant exchange
processes between the eutrophic zone and deeper layers) it can be suggested that the actual
production probably exceeds the experimentally one found, always provided that no other
limiting factors occur.
Qne of such factors might be restricted carbon availability for assimilation purposes
under certain conditions. The rise in pH underlines such an assumption. Evidently these
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is faster than the vertical nutrient transport from deeper water leayers into
the euphotic zone. On the other hand it might be that due to exchange processes, the re-
duction of certain elements occurs both in the euphotic zone and deeper layers. The fact
that in the lower ¡eaches of the Rio Tapajóz the euphotic zone probably amounts to con-
siderably more than 50 % of the total water depth, supports the likelyhood of the latter
assumption.
The average net production per unit area of all stations is 1.37 g C lm2 /d. Assuming
a vegetation period of 365 days per year, net production of phytoplankton in the lower
Rio Tapajóz could reach an estimated 500.05 g C lm2 ,or ca 5 metric tons of carbon per
hectare in one year. This production would be considerably higher than the one encounte-
red in a Várzea-lake (tago do Castanho) with 3.9 t C per year (SCHMIDT 1973c), where
nutrient concentrations were higher but light conditions poor.
5. Discussion
The general characterization of the amazonian watertype "clearwater" as an expression
of its physical and chemical properties, which wæ first recognized and defined by SIOLI
(1950, 1965, etc.), becomes strong support from the results of our own investigations. The
same is true for BRATIN's remarks (1952) on the Rio Tapajó2.
Under some aspects new findings or diverging facts could be documented. For example,
neither BRAI-IN nor SIOLI mentioned such strong rises in pH covering areas as large as the
ones we found in 1969.
The high densities of Melosira granulata and Anabena as described by BRAIIN, could
be confirmed in 1968 and 1969 . Their large biomasses are sti1l the majoring factor for
autochthone primary production in the lower Rio Tapajó2. Also, temporary mass produc-
tions of these two forms, which can change the water color or even appear as algae blooms,
were mentioned by BRALrl.{ and could be observed again in december 1969 at Pindobal.
Some diverging results were found in regard to cell concentrations. The concentra-
tions we found in one ml are of the same dimension as those given by BRALfN for one liter.
Considering the fact that he mentioned the occurrence of algae blooms, and visibility was
2 m, as it was also in december 1969, oríe should expect to find identicai concentrations in
the samples. We believe that the diverging results probably were caused by calculation errors
or by giving results as aggregates resp. filaments per unit volume and not as cells.
In comparison with the other amazonian water types, clear water shows the highest
phytoplankton production rates of all. This seems to be surprising at first sight,but can
easily be explained.
Although nutrient concentrations are lower than in white water or in decanted white
water, extremely favourable light conditions throughout the year make such production
rates possible. The trophic zone can penetrate into deeper water layers, which increases the
production per unit area. Production density in decanted white water can temporarily be
much higher, but the thickness of the euphotic layer is considerably less (SCHMIDT 1973c).
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In black water, both light conditions and nutrient concentrations are disfavourable
for primary production. In spite of seasonal variations which are possible to occur here,
the average production level remains low (SCHMIDT 1976). The different requirements
for primary production for the most important amazonian water types were formulated
by FITTKAU eI al. (I975), and are still applyable. For this reason we present his scheme
below with only minor modifications (Table 6).
Litoral vegetation in black and clearwater is generally lacking, thus primary produc-
tion depends almost exclusively on phytoplankton. In white water, even when decanted
or mixed with different water types, the basis for autochthone primary production receives
considerable support from organic substances produced by the floating meadows along the
shores, and under the specifìc conditions of very small water systerrìs, litoral production
can substancially exceed phytoplankton production (SIOLI 1968, JLINK 1970).
The estimated conversion factor for algae-C into fish biomass (wet weight) is approxi-
mately 0.02 (SCHMIDT 1973c).This means that roughly 100 kg of organic carbon in form
of algae would be neccessary for the production of 2 kg fish biomass. Based on a 5 t net
production of carbon per hectare and year, a theoretical fish production of 100 kg can be
expected. Although this calculated value would include different species and age groups
which do not serve for direct human concumption, the result is surprisingly high. It must
be questioned whether such fish production based on primary production can ever be reached
Primary production in the Rio Tapajóz bæicly depends on fast turn over rates of the
most important elements, as this was pointed out before and can be proved by the results
in table 5. Probably a system of short-circuit mechanisms interacts mainly between algae
and bacteria. However, should the production-pyramid in the Rio Tapajóz comprise various
levels of synchronized dependencies, including fish or other ultimate consumers, the main
portion of biomass from the higher levels would have to be fed back and made available for
primary production again. This appears to be a must, since nutrient input from upriver and
other tributaries is low in comparison with the biomass of primary producers in the lower
Rio Tapajó2.
Consequently a constant withdrawl of large amounts of fìsh would gradually reduce
the total production
Of course, these questions concerning stock management cannot be satisfactorily dis-
cussed since too many factors involved in production patterns are still unknown. We suppose
that under the given production situation a justifìable yearly amount of l0 to 20 kg of fish
per hectare could be taken from the system without causing ecological problems. Theoreti-
cally a total of 1.500 to 3.000 tons of fish could be produced in the lower Rio Tapajóz
every year and thus be made available for human consumption.
Bearing in mind the problems descussed by JLINK and HONDA (1976) and JUNK
(1979), it is obvious, that further investigations are neccessary to increase our present
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